INTRODUCTION
============

The association between vegetable and fruit intake and colorectal cancer risk has been investigated by many epidemiologic studies.^[@r01]--[@r09]^ Recent cohort studies have reported no effect or a weak protective association.^[@r05]--[@r09]^ A 2007 report from the World Cancer Research Fund and the American Institute for Cancer Research concluded that there was limited suggestive evidence for reduction in colorectal cancer risk by fruits and non-starchy vegetables.^[@r10]^ The update project report in 2011 stated that recent evidence was consistent with the previous conclusion.^[@r11]^ However, those reports on vegetable and fruit intake and colorectal cancer risk were based on review of the results from cohort studies mainly in Europe and the United States, with few studies conducted in Asia (including Japan).^[@r04],[@r08]^

Research on the association between vegetable and fruit intake and colorectal cancer risk is still inconclusive, and further studies are warranted.^[@r11]--[@r13]^ The hypothesis that low intake of vegetables and fruits could increase colorectal cancer risk has been proposed but has not been sufficiently tested.^[@r02],[@r06],[@r12]^ In most cohort studies, the intakes of vegetables and fruits were obtained only at baseline and were used for estimating the colorectal cancer incidence risk during the period of long-term follow-up.^[@r12],[@r14]^ Because dietary habits could have changed during the period of follow-up, the data on food intake at baseline might not sufficiently reflect long-term exposure.^[@r15]^ We think that evaluating the colorectal cancer risk associated with continued low intake of vegetables and fruits using repeated measurements data for intake of vegetables and fruits is important. The Japan Collaborative Cohort Study for Evaluation of Cancer Risk (JACC Study) is a large-scale population-based cohort study in which the baseline and interim surveys included questionnaires assessing intake frequency of vegetables and fruits.^[@r16]^

We examined the association between vegetable and fruit intakes and the risk of colorectal cancer by analyzing the data from the baseline and interim surveys and the follow-up in the JACC Study. The focus of our analysis was to evaluate the colorectal cancer risk for participants with low intake of vegetables and fruits at baseline and continued low intake in the baseline and interim surveys.

METHODS
=======

The JACC Study
--------------

The JACC Study aims to confirm the associations between cancer risk and lifestyle and living conditions.^[@r16]^ The baseline survey was conducted in 45 areas from 1988 to 1990, and 110 585 Japanese adults aged 40--79 completed a self-administered questionnaire. The interim survey was conducted in 31 areas about 5 years after the baseline survey, and 46 650 participants completed the questionnaire. The questionnaires of the baseline and interim surveys included the same questions about intake frequency of vegetables and fruits.

Of 110 585 participants at baseline, subjects for the present analysis were restricted to 65 042 participants who lived in 24 areas where information on cancer incidence was available.^[@r16]^

The study protocol was approved by the Ethical Research Committee of Nagoya University School of Medicine.

Subjects
--------

We analyzed colorectal cancer risk for intake frequency of vegetables and fruits at baseline using the data from the baseline survey. Out of 65 042 participants with information on cancer incidence at baseline, 3290 with a cancer history at baseline and 16 236 with no answers on intake frequency of vegetables and fruits in the baseline questionnaire were excluded. Thus, 45 516 subjects (18 946 males and 26 570 females) were left for analysis of colorectal cancer risk for intake frequency at baseline.

We performed another analysis of colorectal cancer risk associated with change in intake frequency of vegetables and fruits using the data of baseline and interim surveys. Because the interim survey was not conducted in 14 study areas, and the target of the interim survey included only some of the participants who completed the baseline survey,^[@r15],[@r16]^ out of 45 516 subjects for analysis of intake frequency at baseline, we excluded 5576 who lived outside the study areas in the interim survey, 24 705 who had no data on intake frequency of vegetables and fruits in the interim survey, 300 subjects who had a cancer history between the baseline and interim survey, and 386 who had no information on cancer incidence after the interim survey. Thus, 14 549 subjects (5548 males and 9001 females) were left for analysis of colorectal cancer risk associated with change in intake frequency of vegetables and fruits.

Vegetable and fruit intake and other factors
--------------------------------------------

The questionnaire administered during the baseline survey covered lifestyle factors, including diet, smoking and drinking, and physical activity, as well as medical history, education, family history of cancer, height, and weight.^[@r16]^ The questionnaire administered during the interim survey included diet, smoking and drinking, medical history, and family history of cancer, but not physical activity, education, height, or weight.

We inquired about average intake frequency in the past year for 5 vegetable items (spinach, carrot and pumpkin, tomato, cabbage and lettuce, and Chinese cabbage) and 2 fruit items (orange and other fruits) in baseline and interim surveys.^[@r17],[@r18]^ We used five response categories and assigned numerical scores to their categories: 0 for almost never, 0.5 for 1--2 times per month, 1.5 for 1--2 times per week, 3.5 for 3--4 times per week, and 6 for almost every day. Scores were averaged over items of vegetables and fruits.

We classified intake frequency of vegetables into tertile groups according to scores: \<1.9 (low), 1.9--3.0 (middle), and ≥3.1 (high) for males, and \<2.3 (low), 2.3--3.5 (middle), and ≥3.6 (high) for females. The group of low food frequency was subdivided into 2 equal groups: \<1.3 (lower low) and 1.3--1.8 (higher low) for males, and \<1.6 (lower low) and 1.6--2.2 (higher low) for females. Also, we classified intake frequency of fruits into tertile groups according to scores: \<1.8 (low), 1.8--3.7 (middle), and ≥3.8 (high) for males, and \<3.3 (low), 3.3--4.8 (middle), and ≥4.9 (high) for females. The group of low food frequency was subdivided into 2 equal groups: \<1.0 (lower low) and 1.0--1.7 (higher low) for males, and \<1.5 (lower low) and 1.5--3.2 (higher low) for females.

For the analysis of colorectal cancer risk associated with change in food frequency, we classified these food frequency groups in the baseline and interim surveys into combination groups. For example, subjects in the low food frequency group in the baseline survey and middle food frequency group in the interim survey was denoted as "low to middle".

Follow-up
---------

In the JACC Study, population registries in the municipalities were used for follow-up of the subjects.^[@r16]^ In most areas, follow-up was completed at the end of 2009; however, it was stopped at the end of 1999 in 4 areas, at the end of 2003 in another 4 areas, and at the end of 2008 in 2 areas. We discontinued follow-up of those who had moved out of their area after the baseline survey.

We identified the incidence of cancer by linkage with the records of population-based cancer registries, supplemented by a systematic review of death certificates.^[@r19]^ In 4 out of 24 areas, population-based cancer registries were not available, so hospital-based cancer registries or inpatient records of hospitals treating cancer patients were used. The mortality-to-incidence ratio of cancer from the follow-up data, which served as an index for completeness of identification of cancer incidence, was reported as 0.43 in males and 0.38 in females, but the percentage of cases identified from a death certificate only (DCO%) was not.^[@r19]^

We defined colon cancer as C18 and rectum cancer as C20 according to the 10th Revision of the International Statistical Classification of Diseases and the Related Health Problems.

Statistical analysis
--------------------

For the analysis of colorectal cancer risk associated with intake frequency of vegetables and fruits at baseline, we used the baseline survey data and the follow-up data from the response of baseline survey (the registration of JACC study) in 1988--1990 to the end of the follow-up in 2009. The hazard ratios (HRs) and 95% confidence intervals (CIs) for colorectal cancer according to intake frequency of vegetables and fruits at baseline (the HRs for lower low, and higher low food frequencies versus the middle and high food frequencies) were estimated using Cox's proportional hazard models. For the analysis of colorectal cancer risk for change in intake frequency of vegetables and fruits, we used the data from baseline and interim surveys and the follow-up data from the responses to the interim survey to the end of the follow-up in 2009. The HRs and 95% CIs for colorectal cancers according to change in intake frequency of vegetables and fruits (the HRs for low to low, low to middle and high, and middle and high to low food frequencies versus middle and high to middle and high food frequency) were estimated.

For the analysis of colorectal cancer risk for intake frequency of vegetables and fruits at baseline, we adjusted for the following potential confounding factors at baseline: sex, age (40--44 years, 45--49, 50--54, 55--59, 60--64, 65--69, 70--74, or 75--79), district (Hokkaido and Tohoku, Kanto, Tokai, Kinki, Chugoku, or Kyushu), smoking (current smoker of 20 or more cigarettes per day, current smoker of 1--19 cigarettes per day or unknown numbers, former smoker, or nonsmoker), drinking (current drinker with everyday drinking, current drinker without everyday drinking, former drinker, or nondrinker), intake frequency of beef and pork (tertile groups according to scores: \<2.0, 2.0--3.4, or ≥3.5 times per week), family history of colorectal cancer in parents and/or siblings (yes or no), education (attended school until ≥18 years, or \<18 years), body mass index calculated as weight (kg)/height (m)^2^ (\<18.5, 18.5--24.9, or ≥25.0), and walking time (≥30 min/day or \<30). For the analysis of colorectal cancer risk for change in intake frequency of vegetables and fruits, we adjusted for sex, age, district, smoking, drinking, intake frequency of beef and pork, and family history of colorectal cancer in parents and/or siblings at the interim survey, and education, body mass index, and walking time at baseline. Missing values for each covariate were treated as an additional category in the variables and were included in the Cox's proportional hazard model. All analyses were performed using the SAS statistical package, version 9.3 (SAS, Institute, Cary, NC, USA).

RESULTS
=======

Table [1](#tbl01){ref-type="table"} shows the characteristics of subjects for analysis of colorectal cancer risk associated with intake frequency of vegetables and fruits at baseline. The average age at baseline was 56.7 years. The proportions of lower low intake frequency of vegetables and fruits at baseline were 15.9% and 19.1%, respectively. The proportion of current smokers was 52.7% in males and 5.1% in females. The proportion of body mass index of ≥25 kg/m^2^ was 20.8%.

###### Characteristics of subjects for analysis of colorectal cancer incidence for food frequency at baseline

  ----------------------------------------------------------------------------------
  Characteristics at baseline                 Males        Females      All
  ------------------------------------------- ------------ ------------ ------------
  Number of subjects                          18 946       26 570       45 516

  Age (years)                                                           

    mean, standard deviation                  56.5, 10.2   56.9, 10.0   56.7, 10.1

  Distinct (%)                                                          

    Hokkaido & Tohoku                         8.5          8.9          8.8

    Kanto                                     22.2         34.3         29.3

    Chubu                                     9.5          9.8          9.7

    Kinki                                     49.5         38.9         43.3

    Chugoku & Kyushu                          10.3         8.1          9.1

  Intake frequency^a^                                                   

   Vegetables (%)                                                       

    Lower low                                 15.4         16.2         15.9

    Higher low                                17.2         15.2         16.0

    Middle                                    31.9         36.1         34.4

    High                                      35.4         32.5         33.7

   Fruits (%)                                                           

    Lower low                                 21.5         17.4         19.1

    Higher low                                11.9         14.7         13.5

    Middle                                    30.2         38.8         35.2

    High                                      36.4         29.2         32.2

  Other characteristics                                                 

   Smoking (%)                                                          

    Current smoker of 20 or\                  34.9         1.4          15.7
    more cigarettes per day                                             

    Current smoker of 1--19\                  17.8         3.7          9.7
    cigarettes per day or\                                              
    unknown numbers                                                     

    Former smoker                             26.3         1.5          12.1

    Nonsmoker                                 20.9         93.4         62.5

   Drinking (%)                                                         

    Current drinker with\                     52.4         5.5          25.1
    everyday drinking                                                   

    Current drinker without\                  23.3         18.4         20.5
    everyday drinking                                                   

    Former drinker                            6.2          1.8          3.6

    Nondrinker                                18.1         74.4         50.9

   Intake frequency of beef and pork (%)^a^                             

    \<2.0 times per week                      37.4         36.3         36.8

    2.0--3.4 times per week                   25.4         27.0         26.3

    ≥3.5 times per week                       37.2         36.7         36.9

   Family history of colorectal cancer (%)                              

    Yes                                       2.4          2.8          2.6

    No                                        97.6         97.2         97.4

   Education (%)                                                        

    Attended school until                                               

    ≥18 years                                 20.7         11.3         15.2

    \<18 years                                79.3         88.7         84.8

   Body mass index (%)                                                  

    \<18.5 kg/m^2^                            5.1          6.1          5.7

    18.5--24.9 kg/m^2^                        76.1         71.7         73.5

    ≥25.0 kg/m^2^                             18.9         22.1         20.8

   Walking time (%)                                                     

    ≥30 min/day                               68.5         71.7         70.3

    \<30 min/day                              31.5         28.3         29.7
  ----------------------------------------------------------------------------------

^a^Intake frequency of vegetables was grouped according to scores: \<1.3 (lower low), 1.3--1.8 (higher low), 1.9--3.0 (middle) and ≥3.1 (high) for males, and \<1.6 (lower low), 1.6--2.2 (higher low), 2.3--3.5 (middle) and ≥3.6 (high) for females. Intake frequency of fruits was grouped: \<1.0 (lower low), 1.0--1.7 (higher low), 1.8--3.7 (middle) and ≥3.8 (high) for males, and \<1.5 (lower low), 1.5--3.2 (higher low), 3.3--4.8 (middle) and ≥4.9 (high) for females. Intake frequency scores were averaged over items in vegetables, fruits, and beef and pork.

Table [2](#tbl02){ref-type="table"} shows the characteristics of subjects for analysis of colorectal cancer risk associated with change in intake frequency of vegetables and fruits. The average age at the interim survey was 60.8 years. The proportions of low to low intake frequency of vegetables and fruits were 16.8% and 21.9%, respectively. The proportion of current smokers was 43.4% in males and 3.6% in females. The proportion of body mass index of 25 kg/m^2^ and over was 18.8%.

###### Characteristics of subjects for analysis of colorectal cancer incidence for change in food frequency

  -------------------------------------------------------------------------------
  Characteristics at interim survey           Males       Females     All
  ------------------------------------------- ----------- ----------- -----------
  Number of subjects                          5548        9001        14 549

  Age (years)                                                         

    mean, standard deviation                  61.1, 9.4   60.6, 9.3   60.8, 9.3

  Distinct (%)                                                        

    Hokkaido & Tohoku                         2.0         1.9         1.9

    Kanto                                     40.5        51.3        47.2

    Chubu                                     5.9         4.0         4.7

    Kinki                                     39.1        33.5        35.6

    Chugoku & Kyushu                          12.6        9.3         10.5

  Intake frequency^a^                                                 

   Vegetables (%)                                                     

    Low to low                                17.6        16.3        16.8

    Low to middle                             9.6         10.9        10.4

    Low to high                               4.6         3.7         4.0

    Middle to low                             9.6         9.8         9.8

    Middle to middle                          13.8        18.2        16.5

    Middle to high                            10.0        9.7         9.8

    High to low                               5.6         3.6         4.4

    High to middle                            11.1        11.1        11.1

    High to high                              18.0        16.7        17.2

   Fruits (%)                                                         

    Low to low                                22.5        21.5        21.9

    Low to middle                             9.7         8.4         8.9

    Low to high                               3.5         1.8         2.5

    Middle to low                             11.8        13.8        13.1

    Middle to middle                          12.0        19.1        16.4

    Middle to high                            7.1         6.4         6.7

    High to low                               5.9         4.6         5.1

    High to middle                            10.1        12.8        11.8

    High to high                              17.4        11.5        13.8

  Other characteristics                                               

   Smoking (%)                                                        

    Current smoker of 20 or\                  28.3        1.0         11.7
    more cigarettes per day                                           

    Current smoker of 1--19\                  15.1        2.5         7.5
    cigarettes per day or\                                            
    unknown numbers                                                   

    Former smoker                             31.3        1.4         13.2

    Never smoked                              25.2        95.1        67.6

   Drinking (%)                                                       

    Current drinker with\                     55.6        6.5         25.6
    everyday drinking                                                 

    Current drinker without\                  19.5        16.3        17.6
    everyday drinking                                                 

    Former drinker                            4.4         1.3         2.5

    Never drinked                             20.5        75.9        54.3

   Intake frequency of beef and pork (%)^a^                           

    \<2.0 times per week                      34.3        31.0        32.3

    2.0--3.4 times per week                   17.8        20.4        19.4

    ≥3.5 times per week                       47.8        48.6        48.3

   Family history of colorectal cancer (%)                            

    Yes                                       7.4         7.6         7.5

    No                                        92.6        92.4        92.5

   Education (%)^b^                                                   

    Attended school until                                             

    ≥18 years                                 22.4        11.8        15.8

    \<18 years                                77.6        88.2        84.2

   Body mass index (%)^b^                                             

    \<18.5 kg/m^2^                            4.7         5.8         5.4

    18.5--24.9 kg/m^2^                        78.1        74.5        75.9

    ≥25.0 kg/m^2^                             17.2        19.7        18.8

   Walking time (%)^b^                                                

    ≥30 min/day                               71.4        73.8        72.9

    \<30 min/day                              28.6        26.2        27.1
  -------------------------------------------------------------------------------

^a^Intake frequency of vegetables was grouped according to scores: \<1.9 (low), 1.9--3.0 (middle) and ≥3.1 (high) for males, and \<2.3 (low), 2.3--3.5 (middle) and ≥3.6 (high) for females. Intake frequency of fruits was grouped: \<1.8 (low), 1.8--3.7 (middle) and ≥3.8 (high) for males, and \<3.3 (lower low), 3.3--4.8 (middle) and ≥4.9 (high) for females. Intake frequency scores were averaged over items of vegetables, fruits, and beef and pork. These food frequency groups in the baseline and interim surveys were classified into combination groups. For example, participants in the low food frequency group in the baseline survey and middle food frequency group in the interim survey were denoted as "low to middle".

^b^Data were from the baseline survey.

During 598 605 person-years of subject follow-up for analysis of colorectal cancer risk associated with intake frequency of vegetables and fruits at baseline, there were 552 cases of colon cancer (299 males and 253 females) and 254 cases of rectal cancer (168 males and 86 females). The DCO% in colorectal cancer cases was 8.4%. The mortality-to-incidence ratio was 0.35. During 125 980 person-years of subject follow-up for analysis of colorectal cancer risk associated with change in intake frequency of vegetables and fruits, there were 137 cases of colon cancer (76 males and 61 females) and 60 cases of rectal cancer (43 males and 17 females). The DCO% in colorectal cancer cases was 6.6%. The mortality-to-incidence ratio was 0.40.

Table [3](#tbl03){ref-type="table"} shows the HR and 95% CI for colorectal cancer incidence for analysis of intake frequency of vegetables and fruits at baseline, adjusted for sex, age, district, smoking, drinking, intake frequency of beef and pork, family history of colorectal cancer, education, body mass index, and walking time. We found no significant association between the low intake frequency of vegetables or fruits and colorectal cancer incidence. HR of colorectal cancer incidence for the lower low versus the middle and high intake frequencies of vegetables and fruits at baseline was 0.95 (95% CI 0.77--1.16) and 1.08 (95% CI 0.90--1.29), respectively. HRs of colon or rectal cancer incidence for the lower low versus the middle and high intake frequencies of vegetables or fruits at baseline in males or females ranged from 0.59 to 1.32.

###### Hazard ratio (HR) and 95% confidence interval (CI) for colorectal cancer incidence for analysis of food frequency at baseline

  Intake frequency at baseline      Males           Females   All                                                                                           
  --------------------------------- --------------- --------- ------ -------------- ------- ----- ------ -------------- ------- ----- ------ -------------- -------
  For colon cancer incidence                                                                                                                                
   Vegetables:                      Lower low       41        0.98   (0.70--1.38)   0.904   45    1.17   (0.84--1.63)   0.356   86    1.07   (0.85--1.36)   0.559
                                    Higher low      55        1.10   (0.81--1.48)   0.553   29    0.82   (0.56--1.22)   0.334   84    1.00   (0.79--1.26)   0.975
                                    Middle & high   203       1.00                          179   1.00                          382   1.00                   
                                                                                                                                                            
   Fruits:                          Lower low       70        1.12   (0.84--1.48)   0.451   40    0.90   (0.63--1.28)   0.567   110   1.04   (0.83--1.29)   0.741
                                    Higher low      28        0.83   (0.55--1.24)   0.353   38    1.05   (0.73--1.50)   0.800   66    0.93   (0.72--1.22)   0.603
                                    Middle & high   201       1.00                          175   1.00                          376   1.00                   
                                                                                                                                                            
  For rectal cancer incidence                                                                                                                               
   Vegetables:                      Lower low       15        0.59   (0.34--1.01)   0.054   13    0.93   (0.51--1.71)   0.823   28    0.69   (0.46--1.03)   0.070
                                    Higher low      26        0.85   (0.56--1.30)   0.460   10    0.78   (0.40--1.53)   0.477   36    0.84   (0.59--1.20)   0.342
                                    Middle & high   127       1.00                          63    1.00                          190   1.00                   
                                                                                                                                                            
   Fruits:                          Lower low       41        1.32   (0.91--1.92)   0.150   12    0.90   (0.48--1.69)   0.739   53    1.17   (0.85--1.61)   0.331
                                    Higher low      18        1.01   (0.61--1.68)   0.971   14    1.27   (0.70--2.30)   0.425   32    1.06   (0.72--1.55)   0.772
                                    Middle & high   109       1.00                          60    1.00                          169   1.00                   
                                                                                                                                                            
  For colorectal cancer incidence                                                                                                                           
   Vegetables:                      Lower low       56        0.83   (0.62--1.11)   0.208   58    1.11   (0.83--1.48)   0.490   114   0.95   (0.77--1.16)   0.592
                                    Higher low      81        1.00   (0.78--1.28)   0.988   39    0.81   (0.58--1.14)   0.233   120   0.95   (0.78--1.15)   0.578
                                    Middle & high   330       1.00                          242   1.00                          572   1.00                   
                                                                                                                                                            
   Fruits:                          Lower low       111       1.18   (0.94--1.48)   0.145   52    0.90   (0.66--1.22)   0.495   163   1.08   (0.90--1.29)   0.412
                                    Higher low      46        0.89   (0.65--1.22)   0.463   52    1.10   (0.81--1.49)   0.553   98    0.97   (0.78--1.21)   0.789
                                    Middle & high   310       1.00                          235   1.00                          545   1.00                   

^a^Hazard ratio was adjusted for sex, age, district, smoking, drinking, intake frequency of beef and pork, family history of colorectal cancer, education, body mass index, and walking time at baseline.

Table [4](#tbl04){ref-type="table"} shows the HRs and 95% CIs for colorectal cancer incidence for analysis of change in intake frequency of vegetables and fruits, adjusted for sex, age, district, smoking, drinking, intake frequency of beef and pork, family history of colorectal cancer, education, body mass index, and walking time. We found no significant association between the low to low intake frequency of vegetables or fruits and colorectal cancer incidence. HRs of colorectal cancer incidence for the low to low versus middle and high to middle and high intake frequency of vegetables and fruits were 0.91 (95% CI 0.61--1.37) and 0.87 (95% CI 0.59--1.27), respectively. HRs of colon or rectal cancer incidence for the low to low versus middle and high to middle and high intake frequency of vegetables or fruits in males or females ranged from 0.57 to 2.03.

###### Hazard ratio (HR) and 95% confidence interval (CI) for colorectal cancer incidence for analysis of change in food frequency

  Change in intake frequency        Males                            Females   All                                                                                          
  --------------------------------- -------------------------------- --------- ------ -------------- ------- ---- ------ -------------- ------- ----- ------ -------------- -------
  For colon cancer incidence                                                                                                                                                
   Vegetables:                      Low to low                       16        1.21   (0.67--2.20)   0.533   6    0.59   (0.25--1.42)   0.241   22    0.92   (0.57--1.50)   0.749
                                    Low to middle & high             10        0.88   (0.44--1.77)   0.720   5    0.48   (0.19--1.21)   0.118   15    0.68   (0.39--1.19)   0.174
                                    Middle & high to low             10        0.88   (0.44--1.78)   0.727   8    0.88   (0.41--1.90)   0.753   18    0.86   (0.51--1.44)   0.564
                                    Middle & high to middle & high   40        1.00                          42   1.00                          82    1.00                   
                                                                                                                                                                            
   Fruits:                          Low to low                       17        0.96   (0.51--1.82)   0.901   15   1.17   (0.60--2.28)   0.644   32    1.03   (0.65--1.63)   0.892
                                    Low to middle & high             9         0.93   (0.44--1.98)   0.851   4    0.65   (0.23--1.88)   0.429   13    0.80   (0.44--1.48)   0.481
                                    Middle & high to low             19        1.47   (0.81--2.66)   0.204   14   1.27   (0.66--2.46)   0.474   33    1.37   (0.89--2.13)   0.155
                                    Middle & high to middle & high   31        1.00                          28   1.00                          59    1.00                   
                                                                                                                                                                            
  For rectal cancer incidence                                                                                                                                               
   Vegetables:                      Low to low                       5         0.58   (0.22--1.55)   0.274   4    2.03   (0.61--6.81)   0.252   9     0.88   (0.41--1.87)   0.741
                                    Low to middle & high             6         0.77   (0.31--1.89)   0.566   2    0.90   (0.19--4.17)   0.887   8     0.81   (0.37--1.76)   0.592
                                    Middle & high to low             6         0.73   (0.30--1.80)   0.497   1    0.60   (0.08--4.80)   0.630   7     0.70   (0.31--1.59)   0.394
                                    Middle & high to middle & high   26        1.00                          10   1.00                          36    1.00                   
                                                                                                                                                                            
   Fruits:                          Low to low                       9         0.58   (0.26--1.33)   0.198   2    0.57   (0.12--2.77)   0.488   11    0.57   (0.28--1.17)   0.127
                                    Low to middle & high             3         0.35   (0.11--1.18)   0.091   1    0.39   (0.05--3.06)   0.367   4     0.37   (0.13--1.05)   0.063
                                    Middle & high to low             6         0.52   (0.21--1.31)   0.165   4    1.29   (0.39--4.33)   0.676   10    0.67   (0.33--1.38)   0.279
                                    Middle & high to middle & high   25        1.00                          10   1.00                          35    1.00                   
                                                                                                                                                                            
  For colorectal cancer incidence                                                                                                                                           
   Vegetables:                      Low to low                       21        0.96   (0.58--1.60)   0.885   10   0.83   (0.42--1.67)   0.607   31    0.91   (0.61--1.37)   0.650
                                    Low to middle & high             16        0.84   (0.48--1.46)   0.531   7    0.56   (0.25--1.23)   0.146   23    0.73   (0.46--1.14)   0.163
                                    Middle & high to low             16        0.83   (0.48--1.44)   0.507   9    0.83   (0.41--1.69)   0.602   25    0.81   (0.53--1.26)   0.355
                                    Middle & high to middle & high   66        1.00                          52   1.00                          118   1.00                   
                                                                                                                                                                            
   Fruits:                          Low to low                       26        0.80   (0.49--1.32)   0.388   17   1.02   (0.56--1.87)   0.939   43    0.87   (0.59--1.27)   0.468
                                    Low to middle & high             12        0.66   (0.35--1.25)   0.203   5    0.58   (0.23--1.48)   0.252   17    0.64   (0.38--1.07)   0.090
                                    Middle & high to low             25        1.04   (0.64--1.70)   0.862   18   1.25   (0.70--2.23)   0.446   43    1.12   (0.77--1.62)   0.554
                                    Middle & high to middle & high   56        1.00                          38   1.00                          94    1.00                   

^a^Hazard ratio was adjusted for sex, age, district, smoking, drinking, intake frequency of beef and pork and family history of colorectal cancer at the interim survey, and education, body mass index, and walking time at baseline.

DISCUSSION
==========

Analysis of data from a population-based cohort study in Japan (the JACC Study) showed no significant associations between the intake frequency of vegetables or fruits and colorectal cancer incidence. Many recent cohort studies in Europe and the United States have found no or a weak protective association between vegetable and fruit intakes and colorectal cancer incidence.^[@r05],[@r06],[@r09],[@r11]^ Our results are consistent with those of other cohort studies for Japanese inhabitants, showing no substantial protective associations.^[@r04],[@r20]^

A focus of our analysis was to evaluate the colorectal cancer risk for having low intake of vegetables and fruits. We used the lower low intake frequency group (less than 20% of our subjects) as the low food intake category in our analysis. HRs for the lower low intake frequencies of vegetables and fruits at baseline was not significant at 0.95 and 1.08, respectively. It has been hypothesized that low vegetable and fruit consumption beyond a certain level leads to an increase in colorectal cancer risk,^[@r06],[@r12],[@r13]^ although the level is not clearly defined.^[@r12]^ Although the lower low intake frequency of vegetables and fruits in the present study might not be below the level described in the hypothesis, our results do not support the hypothesis.

Another focus of our analysis was to evaluate the colorectal cancer risk associated with continued low intake of vegetables and fruits. In most cohort studies on colorectal cancer risk, vegetable and fruit intakes have been measured only at baseline.^[@r12],[@r14]^ Such data might lead to underestimation of the colorectal cancer risk associated with low vegetable and fruit intakes during the period of follow-up, because diets may change considerably over time.^[@r12],[@r15]^ Although we found no significant increased risk of colorectal cancer in the low to low intake frequency group, it should be noted that our results were obtained through analysis partly considering the change in intake frequency of vegetables and fruits over time and therefore provide useful information for evaluating the colorectal cancer risk associated with vegetable and fruit intake.

Some problems and limitations in the present study warrant mention. We used the intake frequency of vegetables and fruits assessed by a self-administered questionnaire but did not obtain the actual vegetable and fruit intake. HRs of low intake of vegetables and fruits for colorectal cancer risk based on data of intake frequency in the present study may therefore not be entirely accurate. However, the questionnaire of food frequencies has been validated by referring to four 3-day weighed dietary records over a 1-year period as a standard and was found to be suitable for use in a large group of subjects.^[@r18]^ Most members of the low, middle, and high intake frequency groups in our analysis would be low, middle, and high in intake, respectively. Thus, based on the amounts of intake, HRs of low intake of vegetables and fruits for colorectal cancer risk should not substantially differ from our estimates.

For identification of cancer incidence in the JACC Study, population-based cancer registries were available in 20 areas, but hospital-based cancer registries or inpatient records of hospitals treating cancer patients were instead used in 4 areas.^[@r19]^ The completeness of identification for cancer incidence varies across study areas. In our two analyses, the DCO% (8.4% and 6.6%) and mortality-to-incidence ratio (0.35 and 0.40) for colorectal cancer were comparable to those from representative population-based cancer registries in Japan.^[@r21]^

The analysis of colorectal cancer risk associated with intake frequency of vegetables and fruits at baseline based on 806 cases of colorectal cancer seemed to have considerable statistical power of significance.^[@r10]^ In contrast, only 197 cases of colorectal cancer were available for the analysis of changes in intake frequency of vegetables and fruits. Thus, the HRs for low to low frequency of vegetable and fruit intake would include considerable uncertainty. Further studies with sufficient statistical power to confirm these findings are therefore necessary. We adjusted for some covariates in the Cox's proportional hazard models, and although the covariates were similar to those from previous reports on the association between vegetable and fruit intake and colorectal cancer risk, possible residual confounding cannot be ruled out.^[@r04],[@r20]^

In conclusion, our results suggested that low intake and continued low intake of vegetables and fruits were not strongly associated with colorectal cancer risk.
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